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TH3  STRUCTURE  OF  THE  AZOXY  COMPOUNDS 


I  INTRODUCTION 


It  will  not  be  possible  to  settle  beyond  doubt  what  the  real 
structure  of  the  azoxy  compounds  is  until  some  reactions  are  dis- 
covered which  will  be  peculiar  to  these  compounds.    At  least  three 
structures  have  been  suggested  for  theml    So  unsatisfactory  are  all 
of  these  structures  that  even  such  authorities  as  Meyer  and  Jacob- 
son  agree  that  our  knowledge  of  the  structure  is  incomplete.  The 
old  formula, *j^/y—  A/T^    t         long  been  universally  accepted  as  the 


has  supplanted  the  old.    This  change  results  from  the  mass  of  data 
which  A.  Angeli  supplies  to  prove  the  presence  of  isomeric  forms  a- 
mong  these  compounds.    The  present  work  aims  at  confirming  or  de- 
nying the  existence  of  these  isomers  by  supplying  experimental  data 
secured  in  this  laboratory. 

It  would  be  impossible  to  go  over  within  one  year  the  mass  of 
work  which  Angeli  has  done  in  a  little  over  ten  years.    The  work 
recorded  here  is  a  result  of  the  studies  first  of  the  best  methods 
of  preparing  pure,  unsymmetrical  azo-compounds;  and  second  the  ox- 
idation products  of  two  of  Angeli1 s  typical  forms.    The  work  which 
follows  is  divided  into  two  main  parts:  (1)  The  preparation  of  some 
Unsymmetrical  Azo-compounds;  (2)  The  Oxidation  of  some  Unsymmetri- 
cal Azo-compounds. 


A.  Unsymmetrical  Azoxy  Compounds 

It  was  in  1845  that  Zinin    first  prepared  Azo-xybenzene  by 
means  of  potassium  hydroxide  on  nitrobenzene.    The  structure  he  as- 


correct  one.    Recently,  however, 


II  HISTORICAL 


signed  to  the  compound  is  the  one  generally  accepted  until  quite 


ously  proved  to  be  correct,  many  chemists  have  objected  to  it  with- 
out, however,  offering  any  experimental  data  to  the  contrary,  in 
1889  Janovsky  and  Heimann4  studied  isomeric  compounds  and  reported 
isomeric  forms  of  azoxytoluenes.    Klinger  and  Zuurdeeg5  proved  in 
the  following  year,  however,  that  one  of  the  isomers  reported  by 
Janovsky  and  Reimann  was  a  mixture.     In  1909  Reissert5  reported  the 
preparation  of  isomeric  azoxy  compounds.     Iso-azoxybenzene,  from 

nitrobenzene  and  alcoholic  JNaoH;  and  o-isoazoxytoluene  from  o-nitro 
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botoluene  were  the  ones  reported.  In  1890,  Gatterman  and  Eitsehke 
reported  the  preparation  of  4-41,  anisolazoxyphenetol  by  the  action 

Q 

of  sodium  methylate  on  p-nitroanisol .    Rising  ,  in  1904,  prepared 

4-4"1"  anisolazoxyphenetol.    No  mention  was  made  by  these  last  two 

workers  of  the  presence  of  isomeric  compounds. 

The  greatest  and  most  extensive  researches  on  isomeric  azoxy- 

q 

compounds  has  been  done  by  A.  Angeli  .    The  complete  bibliography 
of  his  work  in  this  field  is  given  in  a  special  bibliography  append- 
ed to  this  thesis. 
B.  Unsymmetrical  Azocompounds 

It  is  unnecessary  here  to  recite  in  detail  the  history  of  the 
preparation  of  azocompounds,  symmetrical  and  unsymmetrical.  such 
detailed  information  may  be  obtained  from  such  comprehensive  works 
as  Beilstein,  Vol. IV;  HandwOrterbuch  der  Chemie,  vol.  II;  and  other 
well-known  works.    The  reactions  which  are  more  generally  employed 
in  the  preparation  of  symmetrical  and  unsymmetrical  azocompounds, 

in  the  order  in  which  they  were  discovered,  are  given  here..  These 
reactions  are  the  ones  listed  in  weyl,  "Die  Llethoden  der 


recently. 


has  not  been  rigor 


(4) 


Or-  .-uiiaclieri  CMemio"  . 

(1)  Hedction  of  Nitrobenzene 

11  0 

{£)  Through  oxidation  of  hydrazo compound 8  . 

Q  H6  AI H  HNCt  H*  -^~>  C6  W*=  ^  Hs-t  Hx  q2 

(3)  By  the  action  of  nitrosobenzene  on  aniline 

&  int. 

(#)  By  reduction  of  azoxycorapounds 

(5)  By  heating  pulverized  sodium  or  potassium  hydroxide  with  o- 
toluidine  and  nitrobenzene  at  180°— 200°. 

15 

6)    By  the  oxidation  of  primary  amines. 

N  /VH       gp        |  v /  v=  /VCZIC  ,+  +  a  Hx 0 

71  ^C£M./V0+^t4)WH>f/VC^-— ^3C,H4/V=/VC<H^«,0. 


1  7 

8)  By  the  action  of  nitrosobenzene  on  phenyhyd'vaizlYl^' 

9)  and  more  recently^  y/\  f\ 

0      H  A/  H  A/  CA  H»-  6  * 

C-*>     *  °      III    THEORETIC  AI 

A.  Unsymmetrical  and  symmetrical  Azocomoounds. 

A  glance  at  the  above  eight  general  reactions  shows  that  a 
number  of  intermediate  products  are  possible  in  the  preparation  of 
axocompounds  by  most  of  these  methods*    These  products  are  likely  to 
contaminate  the  main  product,  and  as  a  result,  contaminate  the  azoxy 
compound  formed  on  subsequent  oxidation.     These  intermediate  products 
may  make  an  azoxycompound  impure  in  their  original  forms  or  as 
oxidized  products.    This  fact  is  especially  true  in  the  case  of  the 


fll 

reduction  of  nitro-oompounds.  The  following  products  are  possible 
from  nitrobenzene.  u 


Ck  HsNO  +■  C4  Hy/V-  A/c,  Hj-. 

The  reduction  of  azoxybenzene  will  yield  similar  results.  It 

is  already  indicated  that  according  to  reaction  5  above  tv/o  products 

are  obtained  .     It  may  be  mentioned  as  a  matter  of  theoretical  in- 

19 

terest  that  this  reaction  has  undergone  a  number  of  modifications 
in  the  preparation  of  the  two  products  usually  obtained. 

From  the  general  reactions  given  above,  it  is  evident  that  the 
purest  azocompounds  are  obtained  by  the  action  of  nitrosobenzene  on 
amines.  In  this  reaction  no  intermediate  products  are  likely  to  be 
formed,  and  the  products  of  the  condensation  must  necessarily  yield 
pure  azocompounds,  Pinal  purification  of  the  product  will  remove 
any  trace  of  the  reacting  substances  that  might  be  present. 
B.  Unsymmetrical  Azoxy  Compounds. 

Whatever  may  be  the  imperfections  of  the  old  structure^AT^v-t?  , 
it  makes  no  assumptions  which  our  present  knowledge  concerning  the 
azoxy  compounds  is  not  warranted  to  make.     It  fails  to  satisfy  just 
as  the  new  structure  does.    The  same  reduction  products  are  possible 
from  both.     On  the  other  hand,  the  new  structure  so  ably  championed 
fey  Angeli  can  hold  only  if  isomeric  azoxy  compounds  are  actually 
discovered.     If  such  compounds  exist,  then  the  old  structure  is  no 
longer  tenable.     But  when  it  is  recalled  how  very  likely  the  azoxy 
compounds  prepared  by  most  of  the  methods  given  above  are  to  be  con- 
taminated with  secondary  reaction  products,  it  raises  the  question 
as  to  the  purity  of  the  azoxy  compounds  prepared  from  them  on  sub- 
sequent oxidation;  and  whether  or  not  the  isomeric  compounds 


(6) 

reported  are  not  impurities,  or  merely  unoxidized  portions  of  even 
the  purt;  azocomoound. 

20 

Hantzsch  and  '.Verner  aclcnowledge  the  possible  structural  isomer- 
ism in  azoxy  compounds,  and  suggest  the  following  possibilities: 

In  this  formula  tho  two 


sidered  as 


5 

of  oxygen  are  consideretf'as  half  atoms.    Here  again  tnis  third  struc- 
ture is  warranted  only  when  isomeric  azoxy  compounds  are  proved  to 
exist  without  question  or  suspicion. 

The  method  of  the  writer  has  been  to  prepare  p-ethoxy  azoxyben- 
zene  by  direct  oxidation  of  p-ethoxyazobenzene;  and  to  prepare  if  pos- 
sible the  same  compound  by  the  round  about  method  of  Angeli.     If  the 
two  methods  yield  the  same  final  product,  it  is  evident  that  Angeli1 s 
isomers  are  open  to  question.    The  following  scheme  shows  the  proce- 
dure:- i)  cv  ^0<ZZ^/^^/v<~\Jh^C>  H  0<CD/\ — P <CZ3 • 

ffe  pass  now  to  the  preparation  of  pure  unsymmetrical  azoxompounds  and 
then  to  the  search  for  the  corresponding  isomeric  forms  reported  by 
Angeli. 

IV    EXPERIMENTAL  WORK 
&•  Preparation  of  Unsymmetrieal  Azocompounds. 
1*  Preparation  of  Nitrosobenzene. 
The  method  used  in  this  experiment  gives  a  product  of  high  purity 
and  is  essentially  as  follows:  30  grams  of  Nitrobenzene  and 
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15  grams  of  ammonium  ohloride  are  added  to  B50  cc.  of  water  contained 
in  a  four-liter  round-bottom  Pyrex  flask,    40  prams  of  zinc  dust  are 
added  in  small  portions  to  the  mixture  within  ten  to  fifteen  minutes. 
The  solution  is  shaken  vigorously  and  constantly  after  the  first  ad- 
dition of  the  zinc  dust  and  for  about  ten  minutes  after  the  addition 
of  the  last  portion.    Throughout  the  experiment  the  temperature  is 
kept  at  or  slightly  below  65°  (by  means  of  ice  if  necessary),  v/hen 
the  temperature  ceases  to  rise,  the  mixture *is  filtered  by  suction 
and  the  zinc  oxide  washed  twice  with  two  portions  of  100  cc.  of  wa- 
ter which  has  been  heated  to  60°  or  65°.     The  filtrate  is  then  cooled 
to  zero  degrees  and  an  ice-cold  mixture  of  180  grams  of  con,  H2S04 
in  900  cc.  of  H£0  is  added.    This  addition  is  followed  immediately  oy 
the  addition  of  an  ice-cold  mixture  of  24  grs.  of  KgC^-gO^  in  1000  cc. 
of  HgO«    The  resulting  mixture  is  shaken  vigorously  for  about  two 
minutes  and  the  Nitrosobenzene  filtered  immediately  by  means  of  suc- 
tion.   The  precipitate  is  then  washed  two  or  three  times  with  iced 
water,  and  dissolved  in  the  smallest  possible  amount  of  hot  alcohol 
to  which  some  animal  charcoal  is  added.     The  nitrosobenzene  should  be 
completely  dissolved  before  the  charcoal  is  added.    After  boiling 
the  mixture  for  about  two  minutes,  it  is  filtered  and  allowed  to  cool 
slowly.    The  nitrosobenzene  crystallises  in  colourless,  rhombic  cry- 
stals and  is  filtered  from  the  mother  liquor.     The  yield  is  8-9  grams 
(2)  Preparation  of  p-Bromazobenzene 
This  compound  is  ordinarily  prepared  by  the  direct  bromination 
of  azobenzene.     It  is  necessary  to  use  care  both  in  the  amount  of 
bromine  used  and  in  the  length  of  time  that  heat  is  applied;  other- 
wise the  dibromazobenze  is  obtained.    This  difficulty  was  eliminated 
in  the  following  method: 


 ~^     ""  CT;— 

Nino  and  nine- tenths  grame  of  p-brcrnaniline  were  dissolved 
completely  in  a  small  amount  of  cold  glacial  acetic  acid  and  the 
mixture  treated  with  six  and  two-tenths  grams  of  nitroeobenzcne  dis- 
solved in  glacial  acetic.    The  mixture  was  allowed  to  stand  over 
night  although  the  condensation  is  almost  instantaneous.    The  mix- 
ture may  also  be  heated  for  about  two  or  three  minutes  on  the  wa- 
ter-bath and  set  anide  to  cool.    The  reaction  mixture  was  then  pour- 
ed into  4C0  cc.  of  cold  distilled  water.    The  p-bromazobenezene  se- 
parated at  once,  but  the  solution  was  allowed  to  stand  Tor  about 
twenty  minutes.    It  was  then  filtered,  washed  free  from  acetic  acid, 

and  recrystallized  from  hot  alcohol.    The  yield  was  8  grams;  melt- 
ing point  89°. 

3#  Preparation  of  jp-Chlorazcbenzene. 

Six  grams  of  p-chloraniline  and  5  grams  of  nitroeobenzene  were 
also  dissolved  in  glacial  acetic  acid  and  treated  in  the  same  manner 
as  above.    The  products  was  recrystallized  from  hot  alcohol.  The 
yield  was  4  graXg/B";  melting  point,  84-5°. 
4.  Preparation  of  p-Methylazobenzene 

About  4.5  grmas  of  p-toluidine  were  dissolved  in  a  small  a- 
mount  of  glacial  acetic  acid  and  a  solution  of  4.5  grams  of  nitro- 
eobenzene in  glacial  acetic  acid  was  added  to  it.    The  mixture  was 
then  heated  on  the  water-bath  for  about  ten  minutes.    After  cooling, 
the  solution  was  poured  into  400  cc.  of  cold  distilled  water  and  t&e 
mixture  allowed  to  stand  until  the  azocompound  separated  completely. 
This  precipitate  was  filtered,  washed  free  from  acetic  acid,  and  re- 
crystallized  from  hot  alcohol.    p-Methylazobenzene  is  a  golden 
brov/n  compound,  and  separates  on  crystallization  in  large  leaves. 

It  melts  sharply  at  66-67°.     The  yield  obtained  in  this  method  was 
2.5  grs. 


,  —^J — 

5,    Attempts  to  prepare  Naphthylazobenzenes  and  o-Methyazobenzene 
Repeated  experiments  were  tried  in  an  attempt  to  prepare  the 
above  compounds  by  the  method  used  in  preparing  the  p-brom,  p-chlor, 
and  p-methylazobenzene.    Moledular  proportions  of  o-t©luidine  and 
B-naphthylamine  were  treated  in  glacial  acetic  acid  in  the  manner 
above  described.    The  compounds  were  allowed  to  react  with  gentle 
heating  on  the  water-bath  and  also  in  the  cold.    In  all  of  the  first 
set  of  experiments  a  tarry  separation  resulted  and  blue  to  violet 
solutions  were  obtained.    Similar  phenomena  were  observed  in  the  case 
of  o-toluidine. 

When  about  3.4  grams  of  theq[-naphthylamine  were  dissolved  com- 
pletely in  glacial  acetic  acid  and  a  solution  of  3.5  grams  of  ni- 
trosobenzene  in  glacial  acetic  acid  added  to  it,  and  the  resulting 
mixture  allowed  to  stand  for  a  few  days,  it  was  found  to  yield  a 
precipitate  after  pouring  the  solution  into  300  cc.  of  water.  A 
few  hours  were  allowed  for  this  precipitate  to  separate  out.    On  fil- 
tering and  recrystallizing  this  precipitate  from  hot  alcohol,  it  was 
found  to  melt  at  138-143°.    This  fact  would  indicate  that  the  action 
of  the  nitrcsobenzene  on  the  naphthylamine  is  not  wholly  negative, 
and  that  good  results  could  probably  be  obtained  by  varying  the  pro- 
portions of  the  reacting  substances.    It  is  probable,  too,  that  ni- 
trosonaphthy  comompounds  reacting  on  a  primary  amine  would  give  bet- 
ter results.    However,  time  would  not  permit  exhaustive  experiments 
with  these  compounds. 

ffrom  the  ease  with  which  the  p-brom,  p-chlor,  and  p-methyazo- 

benzenes  are  prepared  by  this  method,  it  would  seem  to  indicate  that 

in  the  case  of  the  naphthyl  compounds  the  size  of  the  molecules  in- 
terferes with  the  reaction,  while  in  the  case  of  o-toluidine,  the 


(10) 


olose  proximity  of  the  amine  and  the  methyl  groups  interferes  some- 
what with  the  reaction;   just  as  the  o-dimethyl,  dibrom,  dinitro 


over,  the  oase  of  o-toluidine  may  also  be  explained  on  the  assumption 

that  in  glaoial  acetic  acid  solution  the  phenomenon  of  tautomerism 
exists  due  to  a  probable  rearrangement  between  a  hydroren  atom  of 
the  amine  group  and  the  methyl  group,    Thil  probable  rearrangement 


6,  preparation  of  p-Ethoxyazobenzene • 

If  the  nitroso  group  were  equally  reactive  irrespective  of  the 
molecule  in  which  it  is  found,  it  should  be  possible  to  prepare  p- 
ethoxyazobenzene  in  at  least  two  ways.    The  following  reactions 
should  yield  the  same  compound:  j)  Q  -+  A 


Both  of  these  reactions  were  tried.     In  the  first,  4  grams  of  p- 
nitrosophenetal  were  dissolved  in  a  small  amount  of  glacial  acetic  ac- 
id, and  treated  in  the  cold  with  2.5  grams  of  aniline  dissolved  in 
lOcc.  of  glacial  acetic.    The  mixture  was  allowed  to  stand  for  24  hou« 
and  then  poured  into  400  cc.  of  water.    No  precipitate  was  obtained. 
)n  longer  standing,  a  reddish  muddy  solution  was  obtained  which  could 
lot  be  filtered  even  by  suction.    While,  perhaps,  varying  the  relative 
imouiits  of  the  reacting  substances  in  question  might  bring  results,  it 
iras  observed  (also  in  the  case  of  p-nitrosophenol )  that  the  reaction 
)f  the  nitroso  group  is  either  slow  or  negative  when  other  group  or 
groups  are  present  with  it  in  the  benzene  ring.    The  reaction  in 
[uestion  may,  however,  be  peculiar  to 


groups  in  benzoic  acid  prevent  the  esterif icat ion  of  the  acid.  More- 


assumes  the  form: 
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the  phenols,  since  it  has  long  been  known  that  they  exist  in  tauto- 
meric forms.    Obviously  the  following  tautomeriam  which  is  not  en- 
tirely unlike  the  phenols  would  inhibit  the  condensation  with  aniline: 


Although  sufficient  experiments  have  not  been  conducted  to  warrant  a 
final  conclusion,  it  seems  safe  to  venture  the  opinion  that  the  rate 
of  formation  of  azocompounds  from  nitrosocompounds  and  amines  will  be 
much  greater  when  the  nitro  group  stands  alone  in  the  benzene  ring* 
than  when  other  gro  ups  are  present  at  the  same  time. 
Second  Method. 

Hyarolysis  of  phenacitin  and  condensation  of  phenetidine  with 
Nitrosobenzene. 

In  the  second  method,  p-ethoxyacetanilide  was  used  to  prepare 
?-ethox$yaniline.    The  ethoxyacetanilicle  was  hydrolized  as  follows: 

Thirty-five  grains  of  p-henacetin  were  placed  in  a  500  cc.  Flor- 
ence flask.    75  cc.  of  water  and  75  cc.  of  con.  HC1,  and  a  very  small 

21 

amount  of  sulphur     were  added.    The  flask  was  connected  with  an  up- 
right condenser,  and  the  mixture  refluxed  for  half  an  hour.  The 
flask  was  removed  and  10  °/£   Na  OH  solution  added  to  the  mixture  un- 
til the  oil  separated  completely.    This  oil  was  separated  by  means  of 
a  separatory  funnel,  extracted  with  ether,  dried  with  solid       OH,  and 
ii  stilled. 

Twenty-eight  and  one-tenth  grams  of  p-Phenetidine  were  dissolved 
in  57  cc.  of  glacial  acetic  acid,  and  a  hot  solution  (90°)  of  22  grams 
Df  pure  nitrosobenzene  in  75  cc.  of  glacial  acetic  were  added  to  it. 
Considerable  heat  was  evolved  as  a  result  of  the  instantaneous  con- 
iensation.    After  shaking  the  mixture  for  a  short  time,  it  was  allow- 
Id    to  stand.    Within  an  hour  a  precipitate  separated.    At  the  end  of 


o 
ii 
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two  hours,  it  was  filtered,  washed  firee  of  aoetic  acid.     The  product 
is  pure  p-ethoxyazobenzene.     It  has  a  yellowish  red  colour,  crystal 
lizes  in  long  needles,  and  melts  promptly  at  75°  without  recrystal- 
lization.     The  filtrate  was  poured  into  250  cc.  of  cold  water*  More 
precipitate  separated.    This  precipitate  was  filtered,  washed,  and 
recrystallized  from  alcohol.    The  total  yield  was  40.86  grams  or 
88.3%  of  the  theoretical  yield. 

RESULTS  AND  CONCLUSIONS 
The  results  of  this  part  of  the  work  may  "be  summarized  as  fol- 

Lows: 

L)  Pure  azocompounds  which  are  absolutely  free  from  secondary  reac- 
tion products  have  been  prepared  by  this  method. 

I)  A  brief  though  careful  study  has  been  made  of  the  general  reac- 
tion:    R/V=0+  HkN-"R  A*iR+  HJ> 

5)  p-Brom-,  p-chlor-,  p-methyl-,  and  p-ethoxyazobenzene s  have  been 
prepared  with  great  ease  and  high  purity. 

t)  the  Work  shows  that  the  reactivity  of  the  nitroso  group  is  ap- 
>reciably  greater  when  it  is  alone  in  the  benzene  ri^g  tthan  when 
>ther  groups  are  present. 

5)  The  position  of  the  amine  group  with  reference  to  other  groups 
.n  the  benzene  ring  inhibits  the  condensation  of  the  amino  and  the 
litroso  groups. 

>)  This  method  of  preparing  azocompounds  lends  itself  admirably  to 
;he  preparation  of  pure  azocompounds  for  subsequent  oxidation  to 
azoxycompounds. 

7 )  As  a  result  of  this  preliminary  work,  the  way  is  now  open  for 
bhe  investigation  of  the  new  structure  which  recently  has  been  as- 
signed to  azoxycompounds,  with  a  view  either  to  confirm  or  to  deny 


(13) 

the  presence  of  isomers  among  this  class  of  compounds.    The  v/ork 
which  follows  gives  the  results  of  the  investigation. 

B.  Oxidation  of  Some  Unaymmetrical  Azocompounds  to  the  Correspond- 
ing Azoxyoompounds  by  means  of  Hydrogen  Peroxide. 
1.  Preparation  of  55  percent  Hg  O3 
On  account  of  war  conditions,  it  was  impossible  to  secure 
Merek's  perhydrol  on  the  market.    Consequently  it  was  necessary  to 

concentrate  the  3  percent  H3O2  (commercial)  to  the  required  strength 
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The  method  employed  is  that  ^iven  by  Wolff enstein    .    The  method  is 
essentially  as  follows: 

3000  cc.  of  3  percent  H2O2  were  placed  in  portions  in  a  two-liter 
round-bottomed  Pyrex  flask.    The  flask  was  connected  to  a  condenser 
and  the  receiving  flask  was  connected  to  the  vacuum.    A  capillary 
tube  extended  to  the  bottom  of  the  flask,  through  which  tube  air 
was  passed  into  the  liquid  to  prevent  bumping.    A  vaccum  of  68  mm. 
was  obtained  and  the  three  liters  of  solution  were  distilled  to  a 
volume  of  160  cc.    Upon  analysis  this  solution  was  found  to  be 
54.87  percent  HgOs.    The  waterbath  in  which  the  liquid  wa3  distilled 
was  kept  constantly  at  50  degrees, 
3.  The  Oxidation  of  p-Bromazobenzene. 

Qfi  November  16,  1918,  5  grains  of  p-bromazobenzene  were  dis- 
solved completely  in  glacial  acetic  acid.    8.6  cc.  of  the  55  per- 
cent H2O2  were  added,  and  the  flask  unstoppered  was  allowed  to 
stand.    Three  days  later  the  colour  of  the  deep  red  solution 

changed  to  an  orange  yellow.    At  the  end  of  ten  day 3,  the  acetii 
acid  solution  was  distilled  to  a  volume  of  95  cc.    These  95  cc. 
were  then  poured  into  400  cc.  of  water.    A  bright,  yellow  sunorphous 
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ppt.  separated.    The  solution  was  stirred  and  allowed  to  stand  for 
half  an  hour.    The  precipitate  was  filtered,  washed  free  of  acetic 
acid  and  recrystallized  from  hot  alcohol.    Several  portions  of  crys- 
tals were  obtained,  and  all  melted  promptly  at  79-80?    The  reaction 
represented  as  <Q  *=@+>tyl<D  8"v— »  O  ^Q^tyOm 
will  be  evident  later, 

3  The  Oxidation  of  p-Ethoxyazobenzene 

Twenty  grams  of  the  p-ethoxyazobenzene  prepared  by  the  method 
given  above  were  dissolved  in  200  cc.  of  glacial  acetic  acid.  11.2 
cc.  (twice  the  theoretical  amount)  of  54.85  percent  H3O3  were  added. 
Within  2  to  3  hours  after  the  addition  of  the  HgOg,  the  deep  red 
solution  changed    to  an  orange  red.    At  the  end  of  nine  days,  the 
solution  was  poured  into  400  cc.  of  water  when  a  bright  egg-yellow 
precipitate  was  obtained.    This  precipitate  was  filtered,  washed, 
and  recrystallized  from  alcohol.    Three  separate  sete  of  crystals 
were  obtained,  and  they  melted  as  follows: 

I,  m.pt.,  49°;  II,.  m.pt.,  50°;  III.,  m.pt,,  50°.      The  total  yield 
was  18  grams.    The  experiment  was  repeated  three  days  after  the  first 
and  under  identical  conditions.    The  precipitate  obtained  in  this 
case  was  gathered  in  three  separate  portions.    The  melting  point  of 
the  highest  fraction  was  51? 

The  reaction  will  be  represented  as  follows: 

O         *a»  o*< ~cA<Z> 

4  Preparation  of  p-Hydroxyazobensene. 

The  method  of  preparation  was  taken  from  the  thesis  of  G.  P. 
Edwar&i  and  modified  slightly.    113.3  grams  of  aniline  were  added 
to  a  solution  of  1650  cc.  of  HgO  to  which  285  cc.  of  dilute  HC1  were 
added.    The  mixture  was  cooled  to  zero  degrees  and  diazctized  with  a 
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cold  solution  of  412.5  cc.  of  Hs0  containing  52.5  grams  of  Na  Hq2« 
This  benzene  diazonium  chloride  solution  was  then  added  gradually  to 
an  ice  cold  solution  of  1000  cc,  of  water  containing  165  grams  of 
Nag  C03  and  78  grams  of  phenol.    The  phenol  solution  was  shaken  con- 
tinuously during  the  addition  and  for  about  ten  minutes  after  the 
last  portion  was  added.    The  mixture  was  allowed  to  stand  for  an 
hour  and  the  precipitate  filtered  off  and  washed  thoroughly  with 
iced  water.    This  precipitate  was  then  dried  thoroughly  and  dissolv- 
ed in  a  large  volume  of  concentrated  ammonium  hydroxide.    It  some- 
times happen  that  a  tarry  substance  separates  from  the  ammonia  solu- 
tion.   This  may  be  separated  by  means  §f  a  separatory  funnel.    Or  it 
may  happen  that  a  precipitate  separates  out  when  the  ammonia  solution 
cools  slightly.    This  precipitate  should  be  filtered  off  and  redis- 
solved  in  more  ammonia.    The  concentrated  ammonia  solution  is  then 

wash  e-^A 

acidified  with  30  percent  acetic  acid,  shaken  thoroughly ,  filtered  to 
remove  the  acetic  acid  and  dried.    The  product  obtained  at  this 
point  is  pure  hydroxyazobenzene.    It  i3  a  bright  orange  yellow  pre- 
cipitate  amorphous,  and  melts  sharply  at  151-1 52 . 
5.  Preparation  of  the  Acetyl  derivatine  cf  p-Hydroxy  azobenzene. 

Forty-five  and  nine-tenths  grams  cf  the  p-hydroxy  azobenzene 
prepared  above  were  placed  in  a  500  cc,  round-bottomed  flask  and 
135  cc.  of  freshly  distilled  acetic  anhydride  added  to  it.    The  mix- 
ture was  refluxed  for  two  hours  and  poured  into  600  cc.  of  water. 
The  resulting  precipitate  was  filtered,  washed  once  with  water  con- 
taining a  small  amount  of  acetic  acid  and  then  several  times  with 
water.    It  was  then  recrystallized  from  alcohol  from  which  it  sep- 
arates as  a  crystalline,  brick  red  precipitate.    It  melts  at  89°. 
Yield,  43,5  grams. 
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-  o   

5  Oxidation  of  OH3C-0< — >/V-=/V<CZ>      by  H202 

On  February  15  and  17th  43.5  grams  and  49.5  grama  of  the  acetyl 
derivative  prepared  above  were  each  dissolved  in  200  cc,  of  glacial 
acetic  acid.    33  cc.  and  26  cc.  of  54.85  percent  K^pg  were  added  re- 
spectively.   The  aaso compound  soon  separated  from  the  solution.  On 
exposure  to  sunlight,  however,  most  of  the  crystals  went  back  into 
solution.    At  the  end  of  seven  days,  the  first  portion  of  the  acetic 
acid  solution  was  poured  into  1000  cc.  of  cold  water,  and  the  pre- 
cipitate filtered  shortly  afterwards.    The  precipitate  was  recrystal- 
lized  from  alcohol  and  a  melting  point  taken.    This  melting  point 
was  67-69°.    It  was  again  recrystallized  and  found  to  melt  at  the 
same  point.    The  colour  of  the  compound  was  yellowish  orange. 

The  resulting  precipitate  was  then  hydrolized  with  10  percent 
Na  OH  under  a  reflux  condenser  for  two  hours.    Upon  acidification 
with  dilute  HC1  a  precipitate  was  obtained.    It  was  filtered,  washed 
and  recrystallized  from  alcohol.    The  melting  point  was  135-7°. 
This  product  was  dissolved  in  a  solution  of  sodium  alcoholate  and 
refluxed  for  about  five  minutes  before  the  ethyl  iodide  was  added. 

The  method  used  in  the  ethylation  here  is  essentially  that  of  Jacob- 
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son  and  Fischer  .    After  the  addition  of  the  last  portion  of  the 
C2H5I  and  the  subsequent  refluxing  for  t  wo  hours  longer,  the  solu- 
tion was  poured  into  a  lar^e  volume  of  HgO  made  alkaline  with  Na  OH. 
A  precipitate  was  obtained  which  was  filtered,  washed,  and  recrystal- 
lized from  alcohol.    It  melted  at  55-60°.    Further  work  was  done  on 
this  fraction,    see  page  18 

The  other  portion  of  the  CHff, -*o <(   ^) ^~  N <CZ) 
was  started  on  the  17th,  was  poured  into  100  cc.of  water  at  the  end 
of  ten  days.    This  product,  like  the  previous  one,  melted  at  67-69° 
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The  hydrolysis  yielded  a  product  which  melted  at  135°.    Two  seta  of 
crystals  were  obtained  on  recrystallizing  this  product  from  benzene: 
I,  melted  at  154-6°;  II.,  melted  at  138-145°,    A  mixture  of  Land  II, 
melted  at  145-151°.     Crystals  no.  I.  were  ethyl^ted  Is  the  usual  way 
and  the  product  melted  at  73°.    See  page  18  for  final  results  on  this 
product • 

6.  Oxidation  of  C  H^-oO^  ^<Z> 

EXPERIMENT  REPEATED. 
43.5  grams  of  the  acetylazobenzene  were  dissolved  in  300  cc.  of 
glacial  acetic  acid  and  40  cc.  of  42,2  percent  H3O2  added  to  the  mix- 
ture.   Two  days  later  10  cc.  more  of  the  H202  were  added.    The  solu- 

t  Hai- 
ti on  was  allowed  to  stand  for  13  days.    It  might  be  mentioned  hereA 

the  50  cc.  of  HgOg  which  were  added  are  far  in  excess  of  the  amount 
theoretically  required.    At  the  end  of  the  13  days,  the  solution 
was  heated  on  the  water-bath  for  30  minutes  and  then  poured  into 
cold  water.    The  precipitate  was  filtered,  washed,   and  recrystallized 
from  alcohol.    At  this  point  two  sets  of  differently  soluble  crystals 
were  obtained.    The  f ollowing  is  the  melting  points  after  three  re- 
crystallizations: 

Cry  at  alii zat  icn_  _  Fraction       Meltg.  pt.      Mixed  Meltg.pt.  

I.  1  82°  69-71° 


2 

63-64° 

II. 

1 

83-84° 

2 

68-69° 

74° 

III. 

1 

86° 

2 

71° 

75-83° 

Fraction  2  was 

again  recrystallized  and  found  to  melt  at  72?  Subse- 

quent  recrystallizaticns  gave  a  constant  melting  point  of  73°,  After 
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the  third  crystallization  of  fraction  1,  a  small  portion  of  it  was 
nixed  with  an  equal  amount  of  the  acetyazoccmpound  and  a  melting 
point  taken.    This  melting-  point  was  87-88°.    Hence  1  is  the  unchang- 
ed azocompound.     (See  page  15  for  the  melting  point  of  the  azocom- 
pound  prepared  by  the  author.)    Below  is  given  a  diagram  of  the  other 
work  done  on  this  fraction.    Fraction  2  above  was  hydrolized  in  the 
manner  described  above.    The  product  melted  at  144-146°.    This  pro- 
duct was  then  ethylated  as  above  and  the  resulting  product  melted  at 
73°.    It  will  be  recalled  that  the  ethoxyazobenzene  prepared  on  page 
12  melted  at  75°.    The  following  is  an  example  of  the  mixed  melting 
points  of  this  product  and  the  ethoxyazoxybenzene  prepared  above, 
pa  .e  12.    The  letter  d  will  be  used  to  represent  the  product  which 
melts  at  72°. 

^^HjOO^Q  "         "     60-620;  (2) 

^v^-QQ^AvQ^C^HyOO^/^Q  1  S&&mr&  n  it     5&.60O  (3) 

These  mixed  melting  points  gave  the  impression  that  d  was  nothing 
other  than  ethoxyazobenzene.    Accordingly  it  was  treated  with  more 
HgOg  in  glacial  acetic  acid  solution.    At  the  end  of  six  days  the 
solution  was  poured  into  HgO,  the  precipitate  filtered,  and  recrystal- 
lized  from  alcohol.    It  was  found  to  melt  at  49°.    When  a  portion  of 
this  product  was  mixed  with  an  equal  amount  of  the  ethoxyazoxybenzene 
prepared  above  (page  14),  the  melting  point  of  the  mixture  remained 
unchanged,  49°. 

The  results  obtained  in  this  last  experiment  suggested  the  re- 
oxidation  of  the  product  obtained  on  page  16  which  melted  at  55-  60°. 
This  was  done.    The  product  was  treated  with  more  H2O2  2  cc.  H202 
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to  each  gram  of  substance — and  the  product  extracted  at  the  end  of 
seven  days.    It  melted  at  48-49°. 

6)  Reoxidation  of  Fraction  1  together  with  a  fresh  sample  of 

These  two  experiments  were  run  under  slightly  new  conditions  in 
order  to  check  the  previous  experiments  and  also  to  gain  some  idea 
of  the  effectiveness  of  HgOg  in  these  oxidations.    From  this  point 
on  through  all  subsequent  work,  two  cc.  of  HgOg  were  used  for  each 
gram  of  the  azocompound.    It  will  be  observed  from  the  diagram  which 
follows  that  while  the  same  products  are  obtained  in  each  step,  the 
oxidation  was  not  complete  and  hence  reoxidation  ©f  d  was  necessary 
to  complete  the  cycle.    A  is  here  used  to  represent  the  unchanged 
product  on  page  18,  and  B  the  fresh  portion  of  the  acetyl  derivative 
oxidized  at  the  same  time. 

A  B 


(a)  CtiC-oO^O  S<f 


a  C^o<^aWV<^>  gr 


a 


(c)  H0Q^(~ /V<3QjiM^-4' 

W 


\</    — ' 


(d)  Cv%oOyO»'1' 


The  parallel  compounds  in  A  and  B  above  were  found  to  be  identical  in 
all  respects  with  regard  to  color,  crystalline  form,  melting  point, 
and  chemical  reactions. 


(20) 

7  Experiment  5  itepeated  . 

Two  other  experiments  were  carried  out  on  the  compound  in  ques- 
tion.   The  first  nee;.,  not  be  given  here  as  the  products  were  identi- 
cal in  all  respects  to  those  of  the  previous  ones.    It  needs  only  be 
mentioned  that  compound  (b)  of  this  first  experiment  which  corre- 
sponds to  (b)  of  the  preceding  page  melted  at  73°  in  these  last  two 
experiments.    It  will  be  recalled  that  73°  is  the  melting  of  the 
same  compound  obtained  after  several  recrystallizations  of  fraction 
2  page  18. 

The  second  of  these  last  two  experiments  will  be  given  as  it  is 
of  added  interest  in  that  compound  (e)  of  the  preceding  diagram  was 
obtained  directly  from  (c)  without  reoxidation.     In  this  experiment 
20  grams  of  C  HaC  — °Q ^   ) ^=  /^/<C3  were  dissolved  completely  in  cold 
glacial  acetic.    40  cc.  of  52  percent  HgOg  were  added  to  the  mixture. 
It  was  allowed  to  stand  for  13  days.    Compound  (b)  was  identical  in 
all  respects  to  the  previous  one  and  melted  at  73°,    Compound  (c) 
was  also  identical.    This  compound  was  treated  in  the  following  man- 
ner: 10  grams  were  dissolved  in  a  solution  of  65  cc.  of  absolute  al- 
cohol containing  1,5  grams  of  metallic  sodium.    The  mixture  was  re- 
fluxed  for  about  15  minutes  and  8  cc.  of  C2H5I  added  drop  by  drop  by 
means  of  a  separatory  funnel.    It  being  late,  the  mixture  was  re- 
fluxed  for  an  hour  longer  and  the  solution  r  11  owed  to  stand  over 
night.    Long  needles  appeared  in  the  flask  next  morning.    The  mix- 
ture was  then  refluxed  for  two  hours  longer,  and  .7 grams  of  sodium 
and  2  cc.  more  of  C2H5I  added  as  previously  described.    The  reflux- 
ing  was  continued  for  three  hours  longer  and  the  solution  allowed  to 
cool.    Short  yellow  needles  separated  out.    These  needles  were  fil- 
tered, washed,  and  a  melting  point  taken  after  they  were  dry.  This 


(21) 

melting  point  was  found  to  be  51-3°.    The  filtrate  was  poured  into  a 
beaker  of  HgO  made  alkaline  with  10%  Na  OH,  A  yellow  precipitate 
separated.     It  was  filtered,  washed,  and  with  the  first  batch  re- 
crystallized  from  alcohol.    The  meltinf  point  was  then  51-2°,    On  mix- 
ing equal  portions  of  this  precipitate  with  C9H5OC      3"N-N^"  ^>made 

from  direct  oxidation  of  C^KsO^^}  N5N^  ^      ,  the  melting  point 

was  found  to  be  49-51°, 

8,  Experiment  on  Equal  Quantities  of  Ethoxyazo  and  Ethoxyazoxybenzene . 

In  order  to  get  an  idea  of  the  products  which  result  when  equal 
amounts  of  an  azoxy  and  an  azoxompound  are  present  in  a  system,  one 
gram  of  ethoxyazo  and  one  gram  of  ethoxyazoxybenzene  were  dissolved 
in  alcohol.    The  solution  was  allowed  to  cool  and  the  precipitate 
Separated  out.    This  precipitate  was  filtered,  dried,  and  its  melting 

point  taken.    This  melting  point  was  found  to  be  67-68°.    The  mother 
liquor  was  allowed  to  stand  and  another  crop  of  crystals  obtained. 
These  crystals  melted  at  49-53°.    Both  of  these  sets  of  crystals  were 
again  mixed  and  dissolved  in  glacial  acetic  acid,    6  cc,  of  H2O2  were 
added  to  the  solution.    After  standing  for  4  days,  the  solution  was 
poured  into  a  large  volume  of  water  and  allowed  to  stand  for  about 
3  hours.    The  precipitate  after  filtering, washing,  and  recrystallizing 
from  alcohol  melted  at  49-53,    4  cc,  more  of  the  52%  H20g  were  again 
added  to  these  crystals  in  glacial  acetic  acid  solution  and  the  mix- 
ture allowed  to  stand  for  six  days.    The  product  obtained  melted  at 
49-500. 

2,  Further  Work  on  p-Bromazobenzene» 

The  p-bromazoxybenzene  referred  to  on  page  14  which  melted  at 
79-80°was  dissolved  completely  in  glacial  acetic  acid.    Twice  its 
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its  weight  Goc.  of  52yj  HoOg  were  added  to  it.    At  the  end  of  13  days, 
the  solution  was  filtered  and  poured  into  water  and  allowed  to  stand 
for  a  few  hours.     The  precipitate  was  filtered,  washed  free  of  acetic 
acid,  and  recrystallized  from  alcohol.    The  melting  point  was  then 
73°.    Further  oxidation  produced  no  change. 

At  the  same  time  that  the  above  experiment  was  started,  9.7 
grams  of  p-bromazobenzene ,  m.pt:  89° f  were  dissolved  completely  in 
cold  glacial  acetic  acid.    10  cc.  of  52$  HgOg  were  added  to  the  solu- 
tion and  the  mixture  allowed  to  stand  for  13  days.    The  solution  was 
then  filtered  and  poured  into  water.    The  precipitate  which  separated 
was  filtered,  washed  and  recrystallized  from  alcohol.     It  melted  at 
73-75°.    This  precipitate  was  again  dissolved  in  acetic  acid  and 
treated  with  twice  its  weight  of  52'fo  I^Og.    At  the  end  of  six  days 
the  solution  was  filtered,  poured  into  water,  and  the  precipitate  re- 
crystallized  as  above.    The  melting  was  then  constant  at  73°. 
Dm  Attempts  to  Brominate  Azoxybenzene  and  p-3romazobenzene . 

In  order  to  check  up  on  the  work  of  Angeli  on  the  bromazoxyben- 
zenes  an  attempt  was  rr.de  to  brominate  azoxybenzene  by  the  method  sug- 
gested by  him.     The  experiment  was  tried  twice  by  using  the  theoreti- 
cal amount  of  Br0  in  glacial  acetic  acid  solution.    II  o  success  attend- 
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ed  the  effort.    The  method  of  bromination  in  C  CI4  solution  was  also 
tried,  but  vdthout  success.     In  both  cases  the  products  obtained  were 
similar  to  that  obtained  by  the  last  author  referred  to.     «hile  the 
products  were  not  volatile,  they,  nevertheless,  solidified  in  a  freez- 
ing mixture,  but  liquified  above  freezing  point. 

The  bromination  of  p-bromazobenzene  was  twice  attempted  in  gla- 
cial acetic  acid  solution.     In  the  first  case,  the  bromine-  was  dropped 
by  means  of  a  dropping  funnel  directly  on  the  boiling  acetic  acid 
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solution.    In  the  second  ca.ce  the  bromine  was  passed  in  below  the 
surface  of  the  liquid.     In  the  first  case  the  product  melted  at  76° 
and  in  the  second  it  melted  at  80°.     It  was  hoped  that  this  round  a- 
bout  method  for  the  preparation  of  p-brom  and  p,p-dibromazoxybenzene 
could  have  been  thoroughly  thrashed  out,  as  was  the  case  with  the 
ethoxyazoxybenzene.    Jut  time  v/ould  not  permit.    Hone  but  one  who  has 
worked  on  Angeli's  compounds  realise&how  difficult  it  is  ijc  get  re- 
sults.   This  fact  is  true  because  it  is  very  rarely  indeed  that  one 
finds  any  explicit  directions  given  by  Angeli. 

One  fact  in  connection  with  Angeli1 s  B-brom  isomer  of  p-brom- 
azoxybenzene  should  be  mentioned.     This  isomer  he  says  melts  at  92°. 
It  will  be  recalled  that  the  p-bromazobenzene  melts  at  89  .    From  ex- 
perience with  some  of  Angeli's  so-called  isomers  the  author  v/as  led 
to  believe  that  this    isomer  was  probably  a  highly  purified  form  of 
the  azo compound.    Accordingly,  it  v/as  found  that  after  four  succes- 
sive recrystallizaticns  of  p-bromazobenzene f  the  product  melted  at 
90°  in  stead  of  at  89°.    The  thesis  being  due,  the  author  v/as  unable 
to  get  further  confirmatory  evidence  in  support  of  this  assumption. 

V    RESULTS  AM)  C01TC1USI0ITS 

Although  this  work  does  not  cover  the  whole  field  of  the  work 
done  by  A.  Angeli,  it  is  significant.    The  author  set  out  first  of 
all  to  prepare  pure  unsymmetrical  azocompounds  in  the  simplest  and 
most  direct  way.    In  this  he  succeeded.    The  oxidation  of  these  pure 
azocompounds  by  means  of  very  concentrated  HgO^  was  next  accomplished. 
The  products  obtained  in  this  case  appeared  homogeneous  in  all  re- 
spects.   Even  when  several  fractions  of  crystals  were  obtained,  there 
was  no  ground  for  considering  any  of  them  as  isomeric  modification 
since  their  individual  and  mixed  melting  points  showed  no  appreciable 
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change • 

furthermore  the  round  -about  method  of  Angeli  in  preparing  etho::,/ 
azoxybcnzene  was  tested  out  and  the  products  obtained  on  final  oxida- 
tion were  not  different  from,  but  identical  with  that  prepared  by  the 
author  in  the  simplest  and  most  direct  way*     In  the  cs.se  of  the  work 
done  by  the  author  on  the  ethoxyazoxybenzene  it  may  be  best  shown 
graphically  as  follows: 


The  work  on  the  brom  compound  may  be  similarly  represented  as  follows 

From  the  results  of  this  investigation  it  is  clear  that 

1.  The  compounds  which  Angeli  considers  isomeric  (in  the  case  of  the 
ethoxyazoxybenzeii  )  are  in  reality  merely  incomplete  oxidation 
products  of  ethoxyazobenzene  (see  pagesl8  and  19. 

2.  That  while  the  old  structure"]?  /V—  tV-  R    is  not  without  question 

as  to  its  true  nature,  the  structure  ~R  /V=A/T^  fRlV—  of  A. 

o  o 

Angeli  is  not  based  on  accurate  experimental  evidence, 

3.  That  while  isomers  are  theoretically  possible  in  the  azoxycom- 
pounds,  these  isomers  of  A.  Angeli  are  open  to  question  primarily  be- 
cause experience  in  this  laboratory  shows  that  even  the  most  concen- 
trated solutions  of  %0r>  are  not  absolutely  reliable  as  oxidizing  a- 
gents  for  azo compounds .    page  18. 
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4.  That  the  isomeric  compounds  reported  by  A.  Angeli  are  question- 
able, furtlie  rmore,  because  in  many  instances  the  melting  points  of 
his  azoxy compounds  differ  slightly  from  those  of  the  corresponding 
azocompounds. 

From  the  results  of  this  investigation  it  is  evident  that  the 
oxidizing  pov:er  of  even  the  most  concentrated  H^Og  is  very  uncertain; 
and  that  this  reagent  should  not  be  depended  upon  without  reserve • 
Experience  shows  that  heating  a  solution  containing  HgOg  does  not 
hasten  oxidation  but  rather  drives  off  the         i  oxygen  in  a  short 
time  without  the  azocompound  being  oxidized.    Again,  it  has  been 
found  that  two  main  factors  influence  or  insure  good  results  with 
Ho0r>  as  an  oxidizing  agent.    These  factors  are:  (l)  Complete  solution 
in  the  cold  of  the  compound  to  be  oxidized;  (2)  Allow  the  solution 
containing  the  H202  in  contact  with  the  compound  to  be  oxidized  to 
stand  over  long  periods  of  time. 

In  the  first  case  large  volumes  are  usually  necessary,  but  in 
the  writer's  experience  it  brings  the  best  results.    The  writear 
found  also  that  time  and  not  heat  in  the  case  of  H^Og  is  the  better 
factor. 

Finally  it  may  be  mentioned  that  in  attempting  to  prove  the  pre- 
sence of  isomers  among  the  azoxycompounds,  it  is  best  raider  all  cir- 
cumstances to  prepare  the  azocompounds  in  the  most  direct  way  since 
this  will  eliminate  undesirable  intermediate  products.    It  is  hardly 
necessary  to  add  that  such  a  method  gives  the  purest  products.  The 
simple  principle  of  taking  mixed  melting  points  between  supposed 
isomers  on  the  one  hand  and  azoxy  and  azocompounds  on  the  other  shoulc 
be. used  under  all  circumstances.    Moreover,  the  products  obtained 
should  always  be  reoxidized  until  no  change  in  melting  point  occurs. 
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